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Abstrat
We disuss seletron pair prodution in e−e− sattering, in the proesses
e−e− → e˜Le˜L, e˜Re˜R → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ . This deay hannel has in
general a smaller branhing ratio than the e˜e˜ → e−χ˜01e−χ˜01 mode, but has the
advantage that the momenta of all nal state partiles an be determined without
using the seletron masses as input. The reonstrution of the momenta allows
the simultaneous study of: (i) seletron mass distributions; (ii) seletron spins,
via the angular distributions of the e− in the seletron rest frames; (iii) seletron
masses and spins, using the e− energy distributions in the CM frame; (iv) the
seletron hirality, with the analysis of the spin of the produed χ˜02.
1 Introdution
One of the main motivations for the onstrution of a linear ollider like TESLA, with
entre of mass (CM) energies of 500 GeV and above, is the preise determination of
the parameters of supersymmetry (SUSY), if this theory is realised in nature [1℄. The
analysis of the seletron properties (and in general the properties of all the sleptons)
at a linear ollider is of speial interest, sine these partiles are among the lightest
ones in many SUSY senarios. Seletron pairs an be opiously produed in e+e− and
e−e− sattering, being their leading deay mode e˜ → eχ˜01. In this note we disuss the
determination of the seletron properties in e˜Le˜L and e˜Re˜R prodution, with one of the
seletrons deaying to e−χ˜01 and the other deaying via e˜ → e−χ˜02 → e−χ˜02ff¯ . This
deay mode has generally a smaller ross setion than the e−χ˜01e
−χ˜01 hannel, but has
the advantage that all the nal state momenta an be determined without taking the
seletron masses as input [2℄. In our analysis we onentrate on e−e− sattering at 500
GeV, but the disussion an be straightforwardly applied to e+e− ollisions, other CM
1
energies and smuon pair prodution. This note is organised as follows. In Setion 2
we disuss the prodution and subsequent deay of seletrons in e−e− sattering, and
briey explain how these proesses are generated. In Setion 3 we analyse various mass,
angular and energy distributions for the nal state e−χ˜01 e
−χ˜01ff¯ . Our onlusions are
presented in Setion 4.
2 Generation of the signals
Seletron pairs are produed in e−e− ollisions through the diagrams depited in Fig. 1,
with the four neutralinos χ˜0i exhanged in the t hannel. The Majorana nature of the
neutralinos is essential for the nonvanishing of the transition amplitudes, as an be
learly seen in this gure. The deay of the χ˜02 takes plae through the 8 diagrams in
Fig. 2. In total, there are 64 diagrams mediating eah of the proesses
e−e− → e˜Le˜L → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ ,
e−e− → e˜Re˜R → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ ,
e−e− → e˜Re˜L → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ . (1)
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Figure 1: Feynman diagrams for the proesses in Eqs. (1). The 4 neutralinos are ex-
hanged in the t hannel, and the shaded irles stand for the 8 sub-diagrams mediating
the deay of χ˜02, separately shown in Fig. 2.
The prodution of mixed e˜Re˜L pairs must be taken into aount as well, sine
it onstitutes the main bakground to e˜Le˜L and e˜Re˜R prodution in whih we are
interested. We only onsider nal states with ff¯ = µ+µ−, qq¯, and in the ase of
qq¯ we sum uu¯, dd¯, ss¯, cc¯ and bb¯ prodution, without avour tagging. In the hannel
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Figure 2: Feynman diagrams for the deay of χ˜02, mediated by Z bosons (a), neutral
Higgs bosons (b), and left-and right-handed salar fermions ( and d).
χ˜02 → χ˜01e+e−, the multipliity of eletrons in the nal state makes it diult to identify
the eletron resulting from the deay of the χ˜02. In χ˜
0
2 → χ˜01νν¯ the presene of four
undeteted partiles in the nal state yields too many unmeasured momenta for their
kinematial determination, and the same happens in χ˜02 → χ˜01τ+τ−, beause eah of
the τ leptons deays produing one or two neutrinos that esape detetion.
For the generation of the signals we alulate the full matrix elements for the 2→ 6
resonant proesses in Eqs. (1), at a CM energy of 500 GeV and with an integrated
luminosity of 100 fb
−1
. In the alulation we inlude the eets of initial state radiation
(ISR) and beamstrahlung. We perform a simple simulation of the detetor eets
with a Gaussian smearing of the energies, applying also phase spae uts on transverse
momenta pT ≥ 10 GeV, pseudorapidities |η| ≤ 2.5 and lego-plot separation∆R ≥ 0.4.
All the details onerning the generation of the signals an be found in Ref. [2℄.
For our disussion we restrit ourselves to mSUGRA senarios, requiring them to
be in agreement with present experimental data. We set m1/2 = 220 GeV (in order
to have a light spetrum so that these proesses are observable with a CM energy of
500 GeV at TESLA), tan β = 10, µ > 0 and for simpliity we hoose A0 = 0 (a more
extensive disussion is presented in Ref. [2℄). The dependene of the studied signals on
the remaining parameter m0 is shown in Fig. 3.
The shaded area on the left of this plot orresponds to values of m0 exluded by the
3
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Figure 3: Cross setions (in fb) for e−e− → e˜e˜ → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ (with
unpolarised beams) as a funtion of m0, for m1/2 = 220 GeV, tanβ = 10, A0 = 0 and
µ > 0.
urrent experimental bounds on me˜R . In this gure we identify two regions of interest
for these signals:
1. For m0 . 120 GeV the seond neutralino deays predominantly to harged lep-
tons, χ˜02 → χ˜01l+l−. The deay amplitudes are dominated by the exhange of
on-shell right-handed sleptons (diagrams () and (d) in Fig. 2). The ontribution
of diagram (a) with an on-shell Z boson is less important, due to the smallness
of the Zχ˜02χ˜
0
1 oupling. In this region of the parameter spae, the deays to χ˜
0
1qq¯
are very suppressed, not only beause of the small oupling of the Z boson to χ˜01
and χ˜02, but also due to the heavy squark masses, mq˜ & 400 GeV.
2. For m0 & 140 GeV, the right-handed sleptons (inluding τ˜R) are heavier than
χ˜02, and the Z-exhange diagram in Fig. 2 dominates, yielding a large branhing
ratio for χ˜02 → χ˜01qq¯.
Between both regions there is a narrow window m0 ∼ 130 GeV where the deay
χ˜02 → χ˜01τ+τ− ompletely dominates, beause the e˜R and µ˜R are heavier than the χ˜02
but the τ˜R is lighter. For m0 & 200 GeV, the prodution of e˜Le˜L and e˜Le˜R is not
possible with a CM energy of 500 GeV, and only e˜Re˜R pairs are produed. From
4
inspetion of Fig. 3 we selet two values m0 = 80 GeV and m0 = 160 GeV to illustrate
the reonstrution of the seletron masses for µ+µ− and qq¯ nal states. The sets of
parameters for these two mSUGRA senarios are summarised in Table 1. The resulting
seletron and neutralino masses and widths, as well as the relevant branhing ratios,
are olleted in Table 2 for eah of these senarios.
Parameter Senario 1 Senario 2
m1/2 220 220
m0 80 160
A0 0 0
tan β 10 10
sign µ + +
Table 1: Input parameters for the two mSUGRA senarios to be onsidered in Setion
3. The values of m1/2, m0 and A0 are in GeV.
It is worth omparing between the e−χ˜01e
−χ˜02 deay mode studied here and the
leading hannel e−χ˜01e
−χ˜01. For e˜Le˜L prodution, in senario 1 the total branhing ratio
(inluding the deay of the χ˜02) of the e
−χ˜01e
−χ˜01µ
+µ− signal is 0.88%, while for the
leading hannel it is 17.4%. On the other hand, in senario 2 the total branhing ratio
of the e−χ˜01e
−χ˜01qq¯ signal is 3.9%, slightly larger than for the e
−χ˜01e
−χ˜01 hannel. For
e˜Re˜R prodution, in senario 1 the deay e˜R → e−χ˜02 is not possible beause the e˜R is
lighter than the χ˜02. In senario 2, Br(e˜R → e−χ˜02) ≃ 0.3% beause the e˜R only ouples
to the small bino omponent of the seond neutralino. The total branhing ratios in
eah ase are olleted in Table 3.
3 Reonstrution of the nal state and kinematial
distributions
To reonstrut the nal state momenta we use as input the 4-momenta of the deteted
partiles (the two eletrons and the ff¯ pair), the CM energy and the χ˜01 and χ˜
0
2 masses,
whih we assume known from other experiments [1, 3℄. In general, it is neessary
to have as many kinematial relations as unknown variables in order to determine
the momenta of the undeteted partiles. In our ase, there are 8 unknowns (the
4 omponents of the two χ˜01 momenta) and 8 onstraints. These are derived from
5
Senario 1 Senario 2
me˜L 181.0 227.4
Γe˜L 0.25 0.85
me˜R 123.0 185.0
Γe˜R 0.17 0.58
mχ˜0
1
84.0 84.3
mχ˜0
2
155.8 156.4
Γχ˜0
2
0.023 1.50× 10−5
mχ˜0
3
309.4 310.0
Γχ˜0
3
1.48 1.43
mχ˜0
4
330.4 331.1
Γχ˜0
4
2.30 2.01
Br(e˜L → e−χ˜01) 41.8 % 18.3 %
Br(e˜L → e−χ˜02) 20.6 % 30.8 %
Br(e˜R → e−χ˜01) 100 % 99.7 %
Br(e˜R → e−χ˜02) ≃ 0 0.3 %
Br(χ˜02 → χ˜01µ+µ−) 10.3 % 3.9 %
Br(χ˜02 → χ˜01qq¯) ≃ 0 69.2 %
Table 2: Some relevant quantities in the two mSUGRA senarios onsidered in Setion
3. The masses and widths are in GeV.
Senario 1 Senario 2
Final state e˜Le˜L e˜Re˜R e˜Le˜L e˜Re˜R
e−χ˜01e
−χ˜01ff¯ 0.88% 0 3.9% 0.27%
e−χ˜01e
−χ˜01 17.4% 100% 3.3% 99%
Table 3: Comparison of the branhing ratios for the e−χ˜01e
−χ˜01ff¯ and e
−χ˜01e
−χ˜01 signals
in senarios 1 and 2. In senario 1, ff¯ = µ+µ−, while in senario 2 ff¯ = qq¯.
energy and momentum onservation (4 onstraints), from the fat that the two χ˜01 are
on shell (two onstraints), from the deay of the χ˜02 (one onstraint) and from the
additional hypothesis that in e−e− sattering two partiles of equal mass are produed
(one onstraint)
1
. These 8 equations determine the 4-momenta of the two χ˜01 up to a
1
This applies for e˜Le˜L and e˜Re˜R prodution, but not for e˜Re˜L, in whih ase the seletron masses
annot be reonstruted.
6
4-fold ambiguity, whih is partially redued requiring that the solutions have positive
p2e˜ and that the reonstruted m
rec
χ˜0
2
is similar to the real value
2
. If none of the four
solutions passes these onditions the event is disarded, otherwise from the remaining
solutions we selet the one giving the smallestme˜. For µ
+µ− nal states this is the best
hoie: for the events where the two seletrons are nearly on-shell (these events give the
main ontribution to the ross setion) the solution with smallest me˜ is the orret
one 65% of the time, and provides a very good reonstrution of the seletron and χ˜02
rest frames. The (disarded) solution with largest me˜ gives a bad χ˜
0
2 4-momentum,
and leads to large distortions for the angular distributions in the χ˜02 rest frame. For qq¯
nal states the solution with smallest me˜ gives the best reonstrution as well, but the
dierene with the other solution is not so important.
It is worthwhile remarking here that ISR, beamstrahlung, partile width eets
and detetor resolution degrade the determination of the χ˜01 momenta. However, the
reonstrution is suessfully ahieved in most ases. The reonstrution proedure
determines the momenta of the two unobserved χ˜01, identifying whih seletron has de-
ayed to e−χ˜01 and whih to e
−χ˜02, and also distinguishes between the eletrons resulting
from eah of these deays. The knowledge of all the nal state momenta, as well as
the identiation of the partiles resulting from eah deay, allows to onstrut various
mass, angular and energy distributions. These are disussed in turn.
3.1 Mass distributions
Let us all e−1  and χ˜
0
1,1 the partiles resulting from e˜ → e−χ˜01, with  e˜1 the or-
responding seletron, and analogously e−2 , χ˜
0
1,2 and  e˜2 the partiles involved in
e˜→ e−χ˜02. The reonstruted mass of the seletrons is simply
me˜ ≡
√
p2e˜1 =
√
p2e˜2 , (2)
with
pe˜1 ≡ pe−
1
+ pχ˜0
1,1
,
pe˜2 ≡ pe−
2
+ pχ˜0
1,2
+ pf + pf¯ (3)
in obvious notation. All these momenta are taken in the laboratory frame. The dis-
tribution of this variable for the e˜Le˜L and e˜Re˜R signals and the e˜Re˜L bakground is
2
Although mχ˜0
2
is used as an input for the reonstrution, the resulting mrec
χ˜0
2
may be slightly
dierent from this value, see the paragraph below.
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shown in Fig. 4. In these and the rest of plots we represent ross setions; the number
of observed events depends on the luminosity and is subjet to statistial utuations.
For the generation of the distributions we have taken suiently high statistis so as
to have a small Monte Carlo unertainty.
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Figure 4: Reonstruted seletron mass in senarios 1 and 2, for unpolarised beams.
As seen from Fig. 4, the reonstrution of the masses is quite eetive. For e˜Le˜L
prodution, a peak around the true e˜L mass (meL = 181 GeV in senario 1, meL = 227
GeV in senario 2) is observed in eah senario. (The peak is sharper in senario 1
due to the better energy resolution for muons than for jets and the smaller e˜L width.)
For e˜Re˜R prodution in senario 2, a tiny peak is observed around the true e˜R mass
meR = 185 GeV. The e˜Re˜L bakground is suppressed by the reonstrution proedure in
both senarios. In senario 1, its distribution is approximately at, but in senario 2 it
notieably onentrates around 215 GeV. This behaviour is a result of the smaller ratio
(me˜L−me˜R)/(me˜L +me˜R): in senario 2, the hypothesis of two partiles produed with
equal mass, used for the reonstrution, beomes more aurate. The ross setions
of the three proesses, before and after the reonstrution, are olleted in Table 4.
We also inlude the ross setions for polarised beams, in order to show how the
e˜Le˜L and e˜Re˜R signals an be enhaned with negative and positive beam polarisation,
respetively, while the e˜Re˜L bakground is redued in both ases.
The experimental measurement of the seletron masses from these distributions
is less preise than from threshold sans [4, 5℄. These mass distributions are however
useful in order to identify e˜Le˜L and e˜Re˜R prodution, and may be used to separate them
from the e˜Re˜L bakground. We also note that in the e
−χ˜01e
−χ˜01 hannel, even without a
omplete determination of the nal state momenta the minimum kinematially allowed
8
Senario 1 Senario 2
P00 P−− P00 P−− P++
before after before after before after before after before after
e˜Le˜L 3.25 2.88 10.52 9.32 6.52 5.71 21.14 18.50 0.26 0.23
e˜Re˜R     0.41 0.34 0.02 0.01 1.34 1.10
e˜Re˜L 1.66 0.47 0.60 0.17 5.41 2.63 1.95 0.95 1.95 0.95
Table 4: Cross setions (in fb) for seletron pair prodution and subsequent deay in
senarios 1 and 2. We quote results before and after reonstrution, for unpolarised
beams (P00), for P1 = P2 = −0.8 (P−−) and in senario 2 also for P1 = P2 = 0.8 (P++).
Detetor uts are inluded in all ases.
seletron mass an be obtained [6℄. The kinematial distribution of this quantity also
peaks at the true seletron masses.
3.2 Prodution angle
The determination of the seletron momenta allows the study of the dependene of
the ross setion on the prodution angle θ. In e+e− sattering, this analysis an be
used to determine that the seletrons are spinless partiles [1℄
3
. In our ase, it does
not provide information about the seletron spins. This distribution, shown in Fig. 5
for both senarios, is symmetri with respet to the value cos θ = 0, as must be for a
proess with a symmetri initial state e−e−, and follows the expeted shape.
3.3 Eletron angular distributions in seletron rest frames
The seletron spins an be eetively analised through the angular distributions of the
eletrons in the seletron rest frames. Sine the seletrons are spinless partiles, their
deay is isotropi. Therefore in eah seletron rest frame the angular distribution of
the produed eletron (and neutralino) with respet to any xed diretion must be
at. In Fig. 6 we show the dependene of the ross setion on the angle θ1 between the
momentum of e−1 in the e˜1 rest frame and the positive y axis (remember that e
−
1 and
e˜1 orrespond to the deay e˜→ e−χ˜01, and are identied in the reonstrution proess).
The analogous is shown for the deay e˜ → e−χ˜02 in Fig. 7, with θ2 the angle between
3
In the e−χ˜0
1
e−χ˜0
1
hannel, to determine the nal state momenta the onditions p2e˜ = m
2
e˜ are
required from the beginning.
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Figure 5: Dependene of the ross setion on the prodution angle θ in senarios 1 and
2, for unpolarised beams.
the momentum of e−2 and the positive y axis. Similar distributions an be obtained for
the x and z axes, proving that the deay of both seletrons is isotropi.
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Figure 6: Angular distribution of e−1 with respet to the positive y axis in the e˜1 rest
frame, in senarios 1 and 2, for unpolarised beams.
3.4 Eletron energy distributions in laboratory frame
The masses and spins of the seletrons an be further investigated via the eletron
energy distributions. In the seletron rest frame, the eletron energy is xed by the
kinematis of the 2-body deay, and furthermore their deay is isotropi. Then, for
e˜Le˜L and e˜Re˜R prodution the eletron energy distributions are at, with end points
10
-1 -0.5 0 0.5 1
cos θ2
0
0.05
0.10
0.15
0.20
σ
e~Le
~
L
e~Re
~
L
Scenario 1
m1/2 = 220 GeV
m0 = 80 GeV
tan β = 10
-1 -0.5 0 0.5 1
cos θ2
0
0.1
0.2
0.3
0.4
σ
e~Le
~
L
e~Re
~
L
e~Re
~
R
Scenario 2
m1/2 = 220 GeV
m0 = 160 GeV
tan β = 10
Figure 7: Angular distribution of e−2 with respet to the positive y axis in the e˜2 rest
frame, in senarios 1 and 2, for unpolarised beams.
at
Emaxi =
√
s
4
(
1−
m2
χ˜0
i
m2e˜L,R
)
(1 + β) ,
Emini =
√
s
4
(
1−
m2
χ˜0
i
m2e˜L,R
)
(1− β) , (4)
where β =
√
1− 4m2e˜L,R/s. For mixed seletron prodution the eletron energy spetra
are at as well, but the expressions of the end points are more involved. In ontrast with
the deay mode e−χ˜01e
−χ˜01, in the hannel e
−χ˜01e
−χ˜02 there are two dierent distributions
for the energies E1 and E2 of the eletrons e
−
1 and e
−
2 , respetively. The distribution
of E1 in both senarios is shown in Fig. 8. From Eqs. 4, in senario 1 the expeted
end points are Emin1 = 30 GeV, E
max
1 = 166 GeV. In senario 2, for e˜L deays the
expeted limits of the distributions are Emin1 = 63 GeV, E
max
1 = 153 GeV, and for
e˜R deays they are E
min
1 = 32 GeV, E
max
1 = 166 GeV. Although the distributions are
smeared by ISR, beamstrahlung and detetor eets, all these end points an be learly
observed in the plots. However, in the real experiment the dierent ontributions will
be summed, and exept in some ases where the end points oinide, in general beam
polarisation will be essential in order to enhane one of the signals and redue the e˜Re˜L
bakground. The polarisation also improves the statistis and thus the auray of the
end point determination. The measurement of these quantities gives further evidene
that the seletrons are spinless partiles and provides independent determinations of
their masses.
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Figure 8: Energy distribution of the eletron resulting from e˜ → e−χ˜01, in senarios 1
and 2, for unpolarised beams.
For the deays e˜ → e−χ˜02, the orresponding eletron energy distribution is shown
in Fig. 9. In senario 1, the expeted limits are Emin2 = 10 GeV, E
max
2 = 55 GeV. In
senario 2, for e˜L deays the expeted end points are E
min
2 = 38 GeV, E
max
2 = 93 GeV
and for e˜R deays they are E
min
2 = 12 GeV, E
max
2 = 60 GeV. All these end points an
be observed in Fig. 9.
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Figure 9: Energy distribution of the eletron resulting from e˜ → e−χ˜02, in senarios 1
and 2, for unpolarised beams.
3.5 Distributions in χ˜
0
2
rest frame
The neutralinos resulting from seletron deay are 100% polarised in the diretion of
their momentum if seletron mixing is negleted. This fat an be explained as follows.
12
The term of the Lagrangian desribing ee˜χ˜0i interations is, negleting seletron mixing,
Lee˜χ˜0
i
= aiL e˜
∗
L
¯˜χ0iPL e + a
i∗
L e˜L e¯ PR χ˜
0
i + a
i
R e˜
∗
R
¯˜χ0jPR e+ a
i∗
R e˜R e¯ PL χ˜
0
i , (5)
with aiL and a
i
R onstants. For e˜L → e−χ˜0i , the produed eletron has hirality −1, and
the neutralino has hirality +1. For a massive partile, the heliity eigenstates do not
oinide in general with the hirality eigenstates. However, sine in this ase the heliity
of the eletron is −1 and the seletron is spinless, angular momentum onservation
implies that the neutralino must have negative heliity, as shown shematially in
Fig. 10a. For e˜R deays, the same argument shows that the produed neutralinos have
positive heliity (Fig. 10b)
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Figure 10: Heliity of the neutralinos produed in e˜L and e˜R deays.
The expressions of the polarised dierential deay widths of χ˜02 → χ˜01ff¯ are rather
involved [810℄. However, the angular distribution of a single deay produt in the χ˜02
rest frame an be ast in a very ompat form. Let us dene ψ+, ψ− and ψ0 as the
polar angles between the 3-momenta in the χ˜02 rest frame of f¯ = µ
+, q¯, f = µ−, q and
χ˜01, respetively, and the χ˜
0
2 spin ~s. These angles are represented in Fig. 11.
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Figure 11: Denition of the polar angles ψ+, ψ− and ψ0.
Integrating all the variables exept ψ+, ψ− or ψ0, the angular deay distributions
13
an be written as
1
σ
dσ
d cosψ+
=
1 + hf+ cosψ+
2
,
1
σ
dσ
d cosψ−
=
1 + hf− cosψ−
2
,
1
σ
dσ
d cosψ0
=
1 + hf0 cosψ0
2
. (6)
The onstants hfi depend on the type of fermion f = µ, u, d, s, c, b onsidered (and of
ourse on the SUSY senario), and measure the degree of orrelation between the χ˜02
spin and the diretion in whih the fermion f is emitted. If CP is onserved in this
deay, the Majorana nature of χ˜01 and χ˜
0
2 implies that h
f
+ = −hf− and hf0 = 0. In
senario 1, hµ+ = −hµ− = −0.57, and in senario 2 we nd hb+ = −hb− = 0.75.
The fat that the χ˜02 produed in e˜ deays are polarised allows the study of angular
distributions in the χ˜02 rest frame. In analogy with Fig. 11, we dene the polar angles
ϕ+, ϕ− and ϕ0 between the 3-momenta in the χ˜
0
2 rest frame of f¯ , f and χ˜
0
1, respetively,
and the 3-momentum ~p of χ˜02 in the e˜2 rest frame. (In e˜R deays, ~p gives the diretion
of the spin s˜, and in e˜L deays the opposite diretion.) With these denitions, we build
the spin asymmetries
Ai ≡ N(cosϕi > 0)−N(cosϕi < 0)
N(cosϕi > 0) +N(cosϕi < 0)
, (7)
where N stands for the number of events. The theoretial predition for these asym-
metries is Ai = λ h
f
i /2, with λ the heliity of χ˜
0
2.
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Figure 12: Denition of the polar angles ϕ+, ϕ− and ϕ0.
The angular distributions of µ+ and µ− in senario 1 are presented in Fig. 13, for
the e˜Le˜L signal and the e˜Re˜L bakground. In both ases we observe a suppression
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at cosϕ± = −1, due to the detetor uts. For cosϕ± = −1, the µ± is emitted in
the diretion of −~p, whih is the diretion of the e−2 , thus these two partiles are not
isolated and the event is rejeted by the requirement on lego-plot separation.
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Figure 13: Angular distribution of the µ+ and µ− in the χ˜02 rest frame with respet to
the χ˜02 momentum in the e˜2 rest frame, in senario 1.
The slopes of these distributions learly show that the χ˜02 has heliity −1 (hµ+ =
−0.57 in this senario) and hene that the deaying seletron is a e˜L. This information
an be of ourse obtained from other soures, for instane with the omparison of
prodution ross setions with and without polarisation. Additionally, these plots
demonstrate that the χ˜02 has nonzero spin (ompare with e˜ deays in Figs. 6 and 7).
For e˜Le˜L prodution only
4
, the asymmetries are A+ = 0.39, A− = −0.12, while the
theoretial expetations are A± = ±0.29.
In senario 2, the experimental measurement of these asymmetries requires to dis-
tinguish q from q¯. This is very diult to do in general, so we restrit ourselves to q = b
where this is possible although with a limited eieny. The angular distributions of
the b¯ (ϕ+) and b (ϕ−) are shown in Fig. 14. In these plots we have not taken into
aount neither eienies nor mistagging rates for the b, b¯ identiation.
The slope of the angular distribution for the e˜Le˜L signal again shows that the χ˜
0
2
has negative heliity (hb+ = 0.75 in this senario), and thus indiates that the deaying
seletron is a e˜L. The asymmetries for this proess alone are A+ = −0.15, A− = 0.41,
and the theoretial preditions A± = ∓0.37. For e˜Re˜R, the positive slope indiates a
4
The experimentally measured asymmetries would also inlude the ontribution from e˜Re˜L pro-
dution, whih might be redued using beam polarisation. For simpliity we quote the results for e˜Le˜L
exlusively.
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Figure 14: Angular distribution of the b¯ (ϕ+) and b (ϕ−)in the χ˜
0
2 rest frame with
respet to the χ˜02 momentum in the e˜2 rest frame, in senario 2.
deay from a e˜R, and the asymmetries in this ase are A+ = 0.39, A− = −0.21. The
e˜Re˜R signal ould in priniple be observable with positive beam polarisation, whih
inreases its ross setion by a fator of 3.24 and redues e˜Le˜L and e˜Re˜L by fators of
0.04 and 0.36, respetively (see Table 4). In addition, kinematial uts on reonstruted
masses ould be applied to enhane e˜Re˜R (see Fig. 4).
4 Conlusions
In this note we have analysed e˜Le˜L and e˜Re˜R prodution in e
−e− ollisions, with sub-
sequent deay e˜e˜ → e−χ˜01e−χ˜02 → e−χ˜01e−χ˜01ff¯ . For e˜Re˜R prodution, this is a rare
hannel, with a ross setion muh smaller than the leading mode e−χ˜01e
−χ˜01, but for
e˜Le˜L it may have a omparable or even larger ross setion. We have shown some of
the benets that the reonstrution of all the nal state momenta oers, allowing the
study of mass, angular and energy distributions.
We have demonstrated that in this deay mode it is possible to gather information
on the χ˜02 spin, what is not possible in e
−χ˜01e
−χ˜01 deays. This is of speial interest
sine in seletron deays the neutralinos are 100% polarised, having negative heliity
(in the seletron rest frame) in e˜L deays and positive heliity in e˜R deays. Indeed, e˜L
deays are a soure of 100% polarised χ˜02 with a ross setion omparable or even larger
than diret prodution e+e− → χ˜01χ˜02. In this work we have used the distribution of
the χ˜02 deay produts only to distinguish e˜L from e˜R, but χ˜
0
2 deays also oer a good
plae to investigate CP violation in the neutralino setor [11℄ through the analysis of
16
CP-violating asymmetries [12℄. This study will be presented elsewhere [13℄.
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